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Mixing of quarks or leptons belonging to dif- 
ferent generations could give a clue to underly- 
ing theories for the generations. We should get 
phcnomcnological information about the mixing 
as much as possible. Until recently most exper- 
imental data for the mixing were on the quarks. 
At present, data on the leptons are accumulating 
from the neutrino oscillations. However, experi- 
ments from different aspects are indispensable for 
having a deep insight into the lepton generation 
mixing. 

I report the work [NO] which studies measura- 
bility of generation mixing for the leptons in e + e~ 
collisions within the framework of the supersym- 
metric standard model (SSM). The SSM is consid- 
ered a plausible candidate for physics beyond the 
standard model. This model includes superpart- 
ners of quarks and leptons, which could also be 
mixed among different generations. The interac- 
tion of charged leptons, sneutrinos, and charginos 
can create two different charged leptons with two 
charginos in e + e~ annihilation. The same in- 
teraction, on the other hand, induces radiative 
charged-lepton decays, which are constrained by 
non-observation in experiments to date. Under 
these constraints, concentrating on the produc- 
tion of e and fi with two lighter charginos, we dis- 
cuss the possibility of measuring the interaction 
at e + e~ colliders. 

The mass eigenstates of the leptons or the sneu- 
trinos are generally not the same as their interac- 
tion eigenstates. Assuming that no superfield for 
a right-handed neutrino exists at the electroweak 
energy scale, the sneutrinos have a 3 x 3 hermi- 
tian mass-squared matrix M„. The generation 
mixing of the sneutrinos is traced back to soft 
supersymmetry-breaking terms. The mass ma- 



trix Mi for the charged leptons is proportional to 
the coefficient matrix of the Higgs couplings. For 
the left-handed neutrinos, we assume a Majorana 
mass matrix M u . These mass matrices for the lep- 
tons are 3x3. The mass eigenstates are obtained 
by diagonalizing these matrices as 



UtMlU v = 
U?M V U„ = 



diagCM^, Ml 2 ,M? 3 ), (1) 
diag(m il ,TO; 2 ,m; 3 ), (2) 
diag(m l , 1 , m v . 2 ,m V3 ), (3) 



where U v , Uir, Uil, and U v are unitary matrices. 
The masses of the charged leptons e, fi, and r arc 
denoted by mi x% mi 2 , and m; 3 , respectively. 

The interaction Lagrangian for charged leptons 
I a , sneutrinos v a , and charginos LJi is given by 
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with Vc — UlUiL- Here, Cl and Cr denote the 
unitary matrices for diagonalizing the chargino 
mass matrix which is determined by the SU(2) 
gaugino mass rfi2, the Higgsino mass m#, and the 
ratio tan [] of the vacuum expectation values for 
the Higgs bosons. The indices a and a for the 
charged lepton and sneutrino, respectively, repre- 
sent the generations. The generation mixing is de- 
scribed by Vc, which is a 3 x 3 unitary matrix. For 
the independent physical parameters of Vc three 
mixing angles #12, 023, and #13 and one complex 
phase S can be taken, the other complex phases 
being left out by redefinition of particle fields. We 
adopt the parametrization in the standard form 
for the Cabibbo-Kobayashi-Maskawa matrix. 



A pair of sneutrinos are created in e + e~ annihi- 
lation by the Z-boson and chargino exchange di- 
agrams: e+e~ — ► v a i>l. Assuming that the sneu- 
trinos are heavier than some of the charginos, the 
sneutrino can decay into a charged lepton and a 
chargino —> l a ^uj^ \ The generation mix- 
ing could be measured by tagging the charged lep- 
tons. However, it is suggested by both theoret- 
ical considerations and experimental constraints 
derived from radiative charged-lepton decays that 
some sneutrino masses are highly degenerated. 
Then, the generation mixing has to be analyzed 
without specifying the sneutrino generations. Our 
analyses are made under an assumption that the 
sneutrinos of three generations are produced at 
the same collision energy and all the sneutrinos 
can yield a charged lepton of any generation. 

We discuss the process e+e~ — > J2 a b ^ a ^b ~~ * 
e~/i + uj^uji . The intermediate sneutrinos arc on 
mass-shell, belonging to any generations. This 
process shows distinctive final states. The pri- 
mary leptons e and fi are produced by two-body 
decays. Their energies are large, unless the mass 
of the lighter chargino is close to the sneutrino 
masses. In addition, they have approximately the 
same value and are monochromatic in each rest 
frame of the decaying sneutrino. The chargino 
yields, by three-body decays, two quarks or two 
leptons with a neutralino. Therefore, the final 
states involve, in each hemisphere, one charged 
lepton with a large energy of flat distribution and 
two jets or one charged lepton, together with large 
missing energy-momentum. The detection of the 
process will not be difficult. 

The cross section depends on mass differences 
of the sneutrinos, as the radiative charged-lepton 
decays do so. As the mass difference between V\ 
and i>i becomes large, the cross section increases. 
The decay width of \i — > also increases and 
becomes too large, thus discarding some ranges 
of the mass difference. The mass of £3 does not 
sensitively affect the cross section nor the decay 
width. The constraints from the decays r — > e'j 
and t — ► /17 are not very stringent, so that large 
mass differences between v\ and £3 and between £ 2 
and i>3 are allowed. The parameters fhi and mg 
do not affect much the mass difference between 
i>\ and i>i allowed by the radiative charged-lepton 



decays. However, the cross section varies man- 
ifestly with these parameters, depending on the 
relative magnitudes of m 2 and mjj. For a smaller 
magnitude of rhilmni the SU(2)-gaugino compo- 
nent of the lighter chargino is larger. Then, the 
cross section of e+e~ — > ^ a b v a v'l and thus that 
of e+e~ — > e^/j+w^w^ increase. 

The dependencies of the cross section on the 
mixing angles of Vc and tan/3 are also mani- 
fest. As the mixing angle increases, the allowed 
ranges for the mass difference between v\ and v<i 
become narrow, while the cross section becomes 
large. These angle dependencies are primarily de- 
termined by #12. Different values for #23 and #13 
do not alter much the cross section and the allowed 
mass difference, as long as these mixing angles are 
small. For a larger value of tan/3, the allowed re- 
gion becomes small, though the cross section does 
not vary much with it. 

Under the constraints from the presently avail- 
able experiments, the cross section of e + e~ — > 
e^+w+wf is larger than 0.05 fb in sizable regions 
of the parameter space. It should be noted that 
there also exists a charge conjugate process which 
has the same cross section. For the integrated lu- 
minosity of 100 fb -1 , more than ten events are 
expected there. Although possible backgrounds 
have to be taken into account for estimating re- 
alistically available events, a number of order of 
ten would not be insufficient for detection in near 
future experiments. 

In summary, the examination of the process 
e+e~ — ► e~ ^i + lo^uj^ will enable us to explore the 
generation mixing peculiar to the SSM. Moreover, 
the SSM parameters for the chargino and neu- 
tralino sector affect non-trivially its cross section. 
The study of the generation mixing will give in- 
formation on these SSM parameters. 
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